Cardiotoxin, protamine and polylysine are potent inhibitors of various cholinesterases. CaCl2 and MgC12 overcome the inhibition. The order of addition of the inhibitor and the protecting agent (MgCl2) influences the final degree of the inhibition observed. These findings suggest that cardiotoxin, protamine and polylysine inhibit cholinesterases by the ionic binding of their basic groups with the anionic sites of cholinesterase molecules.
In previous papers, it was found that cobra cardiotoxin is potent in inhibiting cholinesterase of Bungarus multicinctus venom (Lee et al., 1971; Lin Shiau et al., 1976) . To determine the importance of the basicity of cardiotoxin, protamine and polylysine were tested to see if they 'mimicked' the effect of cardiotoxin. To our surprise, both protamine and polylysine are even more potent than cardiotoxin in inhibiting B. multicinctus venom cholinesterase. The inhibition appears to be specific since not all of the basic polypeptides possessed anticholinesterase activity. Cobra neurotoxin, which is a basic polypeptide, does not inhibit B. multicinctus venom cholinesterase (Lin Shiau et al., 1976) . The purpose of the present paper is to explore the mechanism ofthis anticholinesterase activity of cardiotoxin as well as that of protamine and polylysine. Interaction of cations with the anticholinesterase effect of polypeptides was studied and compared with that of physostigmine.
Chang & Lee (1955) suggested that B. multicinctus venom cholinesterase was an acetylcholinesterase; however, the chemical structure and mechanism of action of this enzyme Table 1 . Potency ratio was calculated from IDso of physostigmine on the venom cholinesterase divided by the ID50 of each inhibitor. Table 1 shows that the inhibitory action of these polypeptides on the three cholinesterases was in general more potent than that of physostigmine except that cardiotoxin was weaker than physostigmine in inhibiting acetylcholinesterases. The susceptibility of the venom cholinesterase to these polypeptides was much greater than that of acetylcholinesterase and pseudocholinesterase, whereas acetylcholinesterase was much more susceptible to physostigmine than were the venom cholinesterase and pseudocholinesterase.
Effects of cations on anticholinesterase activities of basic polypeptides Both Mg2+ and Ca2+ but neither Na+ nor K+ activated B. multicinctus venom cholinesterase (Table 2) . Anticholinesterase activities of all three polypeptides were abolished by all the cations tested except that the inhibitory effect of protamine was only partially antagonized by Na+ and K+. In contrast, the anticholinesterase activity of physostigmine was not affected by any of these cations.
Effect of Mg2+ on reversibility of anticholinesterase activities ofbasic polypeptides Anticholinesterase activities of these three polypeptides were reversed by Mg2+ which was added to the reaction mixture before the inhibitor (Table 3) . However, if Mg2+ was added after 5min incubation of acetylcholinesterase with an inhibitor, the inhibition was only partially antagonized by Mg2+. Anticholinesterase activity of physostigmine was not affected by Mg2+ at all.
Discussions
The partially purified acetylcholinesterase used in this investigation has a specific activity of 1079 units/ mg. The most purified acetylcholinesterase available has a specific activity about 10 times higher than this; thus it seems that 10% of the protein of this partial purified acetylcholinesterase is an acetylcholinesterase protein. The molecular weight of one subunit of acetylcholinesterase is reported to be 80000 (Dudai et al., 1973) ; thus the molar concentration of acetylcholinesterase in the reaction mixture will be 0.16nM, which is far less than the concentration of the polypeptide inhibitor (5OnM) in the reaction mixture. Accordingly, the theory of tight binding (Dixon, 1972; Henderson, 1973) of the enzyme kinetics does not apply to this study.
It has been recognized that there are two active sites (esteratic and anionic sites) on the surface of cholinesterase (Augustinsson, 1963; Augustinsson & Nachmansohn, 1949; Cohen & Oosterbaan, 1963; Koelle, 1963) . The functional groups of these two sites that react directly with the substrate are probably very similar, if not identical, in acetylcholinesterase and pseudocholinesterase (Kabachnik et Concentration (M) Fig. 1 Table 2 . Effects ofcations on anticholinesterase activities ofpolypeptides andphysostigmine Cholinesterase activity of B. multicinctus venom (3.75,g/ml) was measured by electrometric titration with 0.01 MNaOH in the presence or absence of cation (0.04M) or inhibitor (0.5S5M-cardiotoxin, 0.06#M-protamine, 0.05AM-polylysine or 384uM-physostigmine). The amount of 0.01 M-NaOH consumed by venom cholinesterase in the absence of cation and inhibitor is 0.28±0.05ml, which is regarded as reference (100%). Data are means±s.E. for six determinations. *P<0.05, as compared with the control in the presence or absence of cation respectively. Table 3 . Effect ofMg2+ on reversibility ofacetykcholinesterase inhibitory action ofpolypeptides andphysostigmine Acetyicholinesterase activity of E. electricus was measured by the electrometric titration method. The amount of 0.01 M-NaOH consumed by acetylcholinesterase (0.125pg/ml) in the absence of MgCI2 for the first 5min is 0.29+ 0.011 ml, which is regarded as reference (100+ 3.8%) . Column A shows acetylcholinesterase activity in the absence of MgCI2 with or without the inhibitor. Column B shows acetylcholinesterase activity in the presence of 0.04M-MgCI2 which was added to the reactive mixture after the incubation ofacetylcholinesterase with an inhibitor for 5 min. Column C shows acetylcholinesterase activity in the presence of 0.04M-MgCl2, which was added to the reactionmixtureimmediately before the addition of the inhibitor. Data are means± S.E. for four determinations. *P<0.05 as compared with the control in the presence or absence of Mg2+ respectively.
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. From the studies on the substrate and inhibitor specificity it has been suggested that cholinesterase of B. multicinctus venom is acetylcholinesterase rather than pseudocholinesterase (Chang & Lee, 1955 (Myers, 1951) . The first type (e.g. physostigmine) combines with both the ester grouping and the anionic groupings of the enzyme centre, the second type (e.g. di-isopropyl phosphosofluoridate) only with the ester grouping, and the third type (e.g. cationic inhibitors) only with the anionic grouping. The affinity of the third-type inhibitors to cholinesterase can be decreased by simple electrolytes (e.g. Na+, NH4+). Since cardiotoxin, protamine and polylysine are all strong basic polypeptides, they may belong to the third-type inhibitors, interacting with the anionic site of cholinesterase. The evidence obtained in the present study and elsewhere that cations such as Mg2+, Ca2+, Na+ and K+ antagonize anticholinesterase activity of these polypeptides but do not antagonize that of physostigmine, and that polyanions (heparin, ganglioside and RNA) abolish polypeptide effects (Lin Shiau et al., 1976) , suggests that these polypeptides inhibit cholinesterase by interacting their positive charges with the anionic sites of cholinesterase. Changeux (1966) found that cholinesterase possesses, in addition to anionic site in the catalytic centre, peripheral anionic sites where ligands bind and exert a regulatory role on the enzyme activity. Cations such as Ca2+ bind to this allosteric regulatory anionic site rather than the catalytic anionic site (Roufogalis & Quist, 1972) . Since cations such as Mg2+ antagonized the anticholinesterase activity of cardiotoxin competitively (Lin Shiau et al., 1976) , these polypeptides might bind to cholinesterase on the peripheral regulatory anionic sites.
Comparative studies on the susceptibility of B. multicinctus venom cholinesterase, acetylcholinesterase and pseudocholinesterase to cardiotoxin revealed that the venom cholinesterase is about 40 times more sensitive to cardiotoxin than is acetylcholinesterase. By contrast, acetylcholinesterase is more sensitive to physostigmine than is the venom cholinesterase. As to protamine and polylysine, the venom cholinesterase is most sensitive, acetylcholinesterase next and pseudocholinesterase least. These results imply that the steric configuration of the anionic site of the venom cholinesterase may be different from those of acetylcholinesterase and pseudocholinesterase and is more accessible to these polypeptides. The very steep dose-inhibition curves of these polypeptides on cholinesterase also indicate that these polypeptides bind to cholinesterase specifically. Therefore it is conceivable that these polypeptides could become useful tools for research on the molecular mechanism of hydrolysis of acetylcholine and for exploration of the structure and function ofthe anionic site of cholinesterase. The specificity of the interaction of these polypeptides with the anionic site of cholinesterase can also be observed that a cardiotoxin-like principle of Bungarus fasciatus venom (Lin Shiau et al., 1975a) and melittin (possessing pharmacological actions similar to cardiotoxin) of bee venom (Mitchell et al., 1971; Lin Shiau et al., 1975b ) also inhibited cholinesterase activity, but basic neurotoxins such as cobra neurotoxin, a-bungarotoxin and f8-bungarotoxin did not possess this anticholinesterase activity (Lee et al., 1971 ).
In conclusion, cardiotoxin, protamine and polylysine are potent inhibitors of cholinesterase (i.e. Table 1 and Fig. 1 ); CaCI2 and MgCI2 overcome the inhibition which is not simply a non-specific ionicstrength effect since NaCl and KCI did not abolish protamine inhibition (Table 2 ). The order of addition of polypeptide inhibitor and MgCl2 to the reaction mixture influences the final degree of the inhibition observed ( Table 3 ). All of these findings suggest that these polypeptides interact with the peripheral regulatory anionic sites of cholinesterase, directed by their positive charges and the specific steric configurations.
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